Introduction Prolonged inpatient multidrug-resistant tuberculosis (MDR-TB) treatment for all patients is not sustainable for high-burden settings, but there is limited information on community-based treatment programme outcomes for MDR-TB. Methods The Cambodian Health Committee, a nongovernmental organisation (NGO), launched the Cambodian MDR-TB programme in 2006 in cooperation with the National Tuberculosis Program (NTP) including a community-based treatment option as a key programme component. The programme was transferred to NTP oversight in 2011 with NGO clinical management continuing. Patients electing to receive home-based treatment were followed by a dedicated adherence supporter and a multidisciplinary outpatient team of nurses, physicians and community health workers. Patients hospitalised for >1 month of treatment (hospital based) received similar management after discharge. All patients received a standardised second-line MDR-TB regimen and were provided nutritional and adherence support. Outcomes were reviewed for patients completing 24 months of treatment and predictors of treatment success were evaluated using logistic regression. results Of 582 patients with MDR-TB who initiated treatment between September 2006 and June 2016, 20% were HIV coinfected, 288 (49%) initiated community-based treatment and 294 (51%) received hospital-based treatment. Of 486 patients with outcomes available, 364 (75%) were cured, 10 (2%) completed, 28 (6%) were lost to follow-up, 3 (0.6%) failed and 77 (16%) died. There was no difference between treatment success in community versus hospitalbased groups (adjusted OR (aOR) 1.0, p=0.99). HIV infection, older age and body mass index <16 were strongly associated with decreased treatment success (aOR 0.33, p<0.001; aOR 0.40, p<0.001; aOR 0.40; p<0.001). conclusions Cambodia's NGO-NTP partnership successfully developed and scaled up a model MDR-TB treatment programme. The first large-scale MDR-TB programme in Asia with a significant community-based component, the programme achieved equally high treatment success in patients with community-based compared with hospitalbased initiation of MDR treatment.
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IntroductIon
Cambodia has a tuberculosis (TB) incidence of 345/100 000 annually, the 15th highest incidence among the WHO-designated 30 highest burden countries globally. 1 It is estimated that 1.8% of new TB cases in Cambodia and 11% of retreatment TB cases are multidrug resistant (MDR)/rifampicin resistant, 2 indicating ongoing need to improve the diagnosis and treatment of both drug-susceptible and drug-resistant (DR) TB to prevent a further increase in the burden of multidrug-resistant tuberculosis (MDR-TB). Regional neighbours Myanmar and Vietnam are designated as high MDR burden countries, 3 underscoring the need for innovative regional approaches to address the epidemic. Furthermore, over the last decade, Cambodia has been a high-HIV/TB burden country, with over 10% of patients with TB coinfected with HIV, and laboratory surveillance identifying MDR-TB in 5% of all HIV-associated TB. 4 5 MDR-TB is typically treated in an inpatient setting for the first 6-8 months of treatment. The requirement for long-term hospitalisation in an airborne isolation setting places a tremendous burden on both the patient and the health system, 6 7 particularly in resource-limited settings where bed availability limits access to treatment. In Cambodia, there are currently 65 isolation beds, but in 2015 alone there were an estimated 570 MDR cases requiring treatment. 2 As detection of MDR-TB continues to improve, the capacity to meet the treatment needs requires alternate approaches. We note that there is limited information on Open Access the outcomes of community-based MDR-TB treatment compared with hospital-based MDR-TB treatment.
The Cambodian Health Committee (CHC) is a non-governmental organisation (NGO) providing comprehensive TB and HIV treatment and poverty reduction interventions in Cambodia, 8 including community-based directly observed therapy (DOTS) for drug-susceptible TB in Cambodia beginning in 1994, 9 which was adopted as the national protocol in 2004. 10 In 2006, CHC adapted this community-based treatment model to provide care and support for persons with MDR-TB, the first MDR-TB treatment programme in Cambodia. CHC offered eligible patients the option to initiate or continue treatment as outpatients early in the course of treatment, and to receive home-based care with the support of community-based health staff. We report here the overall treatment outcomes of the Cambodian MDR-TB programme for patients initiated on treatment from 2006 to June 2015. We also compare the treatment success between patients treated with an extended inpatient initiation phase versus community-based treatment beginning within the first month of treatment initiation. study populAtIon And Methods setting Programme origins Prior to 2006, there was no mechanism for public sector MDR-TB testing or treatment in Cambodia (figure 1). The CHC applied to the WHO Green Light Committee (GLC) in 2006 on behalf of patients enrolled in the CAMbodian Early vs. Late Initiation of Antiretrovirals (CAMELIA) trial 11 testing optimal timing of HIV treatment in immunosuppressed patients with TB, including 13 found to have MDR-TB through TB culture and drug resistance testing performed per trial protocol. CHC received GLC approval in 2007 for a second application with the National Tuberculosis Program (NTP) to extend MDR treatment to new patients outside the CAMELIA study. 12 CHC then established MDR treatment sites throughout the country in partnership with the NTP, Open Access initially establishing three hospitals as treatment centres and constructing and renovating 29 isolation rooms at these sites. As of 2017 there were 65 isolation rooms in 11 referral hospitals throughout Cambodia. A third successful CHC application to the GLC in 2010 further expanded and began national scale-up of DR-TB treatment. In 2011, the NTP assumed operational leadership of the MDR-TB programme to create the national MDR-TB treatment programme in partnership with CHC, with the support of the WHO. The NTP is now responsible for overall programmatic management, including screening suspected MDR cases for drug resistance and baseline contact screening. CHC continues to provide essential programme services including patient follow-up, treatment support and education, clinical follow-up of patients, side effect management, home infection control and reporting, as well as technical assistance to the NTP. patient screening and identification Prior to 2011, MDR-TB cases were detected through drug-susceptibility testing (DST) of smear-positive retreatment TB cases. Patients were notified to the CHC through a combination of CHC staff examining provincial clinic TB registers as well as NTP staff contacting CHC when such patients were identified. Screening criteria were expanded to include: (1) all pulmonary retreatment cases; (2) patients with TB who are persistently smear positive after months 2-3 of TB treatment; (3) close contacts of MDR-TB cases with cough >2 weeks; and (4) HIV-infected smear-positive patients with TB. 13 HIV counselling and testing was performed at the time of TB diagnosis. In 2012, the screening algorithm was revised to recommend screening any HIV-infected patient with signs/symptoms of TB (cough, weight loss, fever, night sweats) using GeneXpert MTB/RIF (GXP).
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This GXP platform was then transferred to the NTP for use for public sector MDR testing. The NTP subsequently acquired additional GXP platforms, and in 2011, an MDR screening algorithm was adopted to use GXP as the initial screening test for suspected MDR. 15 diagnostic criteria MDR was defined as infection with M. tuberculosis resistant to isoniazid (INH) and RIF as detected by DST. Patients were empirically started on MDR treatment on the basis of strong clinical suspicion or, starting in 2011, GXP evidence of RIF resistance. If DST detected first-line drug resistance not meeting criteria for MDR, the treatment regimen and duration was modified accordingly. TB with GXP-detected RIF resistance for which DST or genetic resistance testing was not available was treated presumptively as MDR.
treatment protocol and programme components
The MDR-TB treatment regimen in Cambodia consisted of a standardised regimen (box 1). If a patient had culture-positive MDR-TB or no clinical improvement at 4 months, second-line DST was performed and the regimen was modified to include only susceptible drugs. In 2012, the injection phase of treatment was extended to 8 months for all patients based on WHO recommendations. 16 As part of the initiation of the countrywide MDR programme, MDR Management Committees (MMC) were established at each provincial hospital designated as an MDR referral centre in order to safely expand treatment initiation capacity. MMCs included a government physician, a CHC physician, a nurse with expertise in MDR and/or a radiologist at the site. The MMC reviewed laboratory, clinical and imaging data for each patient prior to initiating treatment and agreed on the appropriate treatment profile and dosing for the patient. Open Access community versus hospital-based care Patients without hospital-level clinical requirements for managing comorbidities, available home-based support and preference for outpatient care could elect to start treatment as outpatients without hospital admission. The community-based treatment group was defined as patients who initiated treatment in the community or who were discharged from the hospital less than 30 days after treatment initiation (community arm). Patients who were hospitalised for 30 days or more, or who died before discharge were considered to be in the hospital-based treatment group (hospitalised arm). The decision to discharge a patient home was made in consultation with the patient, the inpatient clinicians and the community care team.
At the time of initiation of outpatient treatment, a treatment contract was signed by the patient, a treatment supporter (usually a nurse) from the health centre closest to the patient, a second treatment supporter designated by the patient and CHC staff. The treatment supporters supervised daily medication administration, provided motivation, maintained awareness of side effects and contacted the health centre or CHC staff in the event of clinical deterioration. Local health centre staff administered daily injectable medications in the intensive phase of MDR-TB therapy, monitored adherence during this phase and reported any clinical problems to the CHC outpatient monitoring team by phone.
For patients returning home prior to sputum culture conversion, education and supplies were provided for home-based infection control, including masks for patients and family members, recommendations for maintaining adequate ventilation and isolating small children from the patient. Assistance with creating an adjoining shelter for the patient was also provided if there were inadequate existing ventilated space for the patient. Symptom screening of household contacts was conducted at monthly visits. Contacts suspected to have TB had sputum collected by the visiting staff on the spot or were directed to the local health centre for screening. Direct and financial support was provided for nutrition (including baby formula for patients who could not breast feed due to treatment toxicity) and transportation for laboratory tests and hospital visits.
Patients with MDR-TB with HIV infection were referred to local centres providing antiretroviral therapy (ART) for clinical follow-up. MDR-TB clinicians worked closely with ART providers to monitor combined treatments, side effects and dose adjustments.
Ongoing education and training in MDR diagnosis, treatment and clinical follow-up including side effect management was provided by CHC to clinicians at the regional treatment sites and to local health staff. CHC designed and implemented nationwide training for the NTP in 2006 on MDR-TB diagnosis and treatment and continues to provide ongoing clinical mentoring and care of patients countrywide. 
Treatment outcomes were defined and reported according to WHO definitions for MDR-TB. 17 Outcomes for the cohort are reported for patients initiating therapy by June 2015 who therefore had the opportunity to complete 24 months of follow-up by the time of data censoring in June 2017. For analyses of associations with treatment outcome, we defined a combined outcome of 'treatment success', defined as either 'cure' or 'completion'. Outcomes of 'died', 'lost to follow-up' or 'failed' were defined as 'no treatment success'. Patients who transferred out were excluded from this categorisation scheme as their outcomes were unknown. statistical analysis Demographic, clinical, laboratory and microbiological data were routinely abstracted from patient records into a clinical database maintained by the CHC. An anonymised subset of this database was entered into a Microsoft Excel spreadsheet with range and error-checking formulas. Only the first episode of treatment for MDR-TB was included in this analysis for each person. Statistical analyses were conducted using Stata (College Station, TX). Descriptive frequencies were calculated and compared using Χ 2 tests. Medians of continuous variables were compared using the Mann-Whitney test. Predictors of treatment success were assessed using bivariate and multivariate logistic regression. Factors of a priori interest were included in the multivariable model. A total of 737 patients were enrolled in the CHC MDR treatment programme (figure 2). Two patients died before initiating treatment. A total of 735 initiated MDR treatment. Of these patients, 365 were confirmed by DST to have definitive MDR, and 217 were considered to be MDR based on GXP results without DST confirmation available. DST determined that 198 patients initiated on MDR treatment had DR-TB not meeting criteria for MDR (INH monoresistance, RIF monoresistance or polydrug resistance). Up to 288 (49%) of MDR patients were treated in the community arm, including two patients who were screened, initiated on treatment and followed while in prison but were not hospitalised at the start of treatment. The hospitalised treatment group consisted of 294 (51%) patients.
patient demographics
Baseline characteristics were similar between the community and hospitalised treatment groups (table 1). The median duration of hospitalisation for community patients was 6 days (IQR 0-12 days) and for hospitalised patients was 84 days (IQR 45-180 days). There were more than twice as many men as women (63% male vs 37% female) in the cohort overall, with women making up a greater proportion of the community patients (41% vs 33%, p=0.046). The age distribution was similar between community and hospitalised groups; the median age at the time of starting MDR treatment was 44 (IQR 33-55), including three children younger than 15 years and 48 adults older than 65 years. HIV infection was similar in the two groups and present in 117 (20%) of patients initiating MDR treatment, with 110 (94%) taking ART at or within 4 weeks of MDR treatment initiation. Patients were severely underweight with a median body mass index (BMI) of 17.2 (IQR 15.2-19). BMI was lower in the hospitalised group (16.9 vs 17.4, p=0.04). The hospitalised group had greater overall drug resistance compared with the community group (57% with additional resistance beyond INH and RIF vs 30%, p<0.001). There were four cases of extensively drug-resistant (XDR) TB identified and confirmed by second-line drug testing and one case of pre-XDR-TB. A history of prior TB treatment was present in 306 (53%) of patients initiated on MDR-TB treatment; 276 (47%) were being treated for their first episode of TB, and this did not differ between community and hospitalised groups.
treatment outcomes
Of 486 patients initiated on MDR-TB treatment, 374 (77%) had treatment success, with 28 (6%) lost to follow-up, 3 (0.6%) failed and 77 (16%) died (table 2) . The proportion of each outcome did not differ significantly between patients in the community and hospitalised groups (p=0.46). One patient was lost to follow-up, was subsequently re-enrolled after 2 years and treatment was ongoing at the time of data censoring. Among the 117 HIV-coinfected patients, 65 (65%) had treatment success, 32 (27%) died, 1 (1%) failed and 8 (7%) lost to follow-up, and 11 (9%) continued on treatment at the time of data censoring. Open Access Open Access
non-Mdr outcomes
Patients with mono or poly-DR-TB not meeting criteria for MDR were treated in the DR-TB programme using second-line drugs and were also eligible to participate in community or hospitalised care. Treatment regimens and durations varied according to resistance pattern and clinical status, with median treatment duration of 13 months (IQR 9-19 months). Among 148 patients with DR-TB who were initiated on treatment for DR-TB, 117 (77%) were cured, 7 (5%) completed, 5 (3%) were lost to follow-up, 14 (9%) died, 4 (3%) failed, 3 (2%) transferred out and 3 (2%) remained on treatment at the time of data censoring. There was no significant difference in the proportion of each outcome according to community (n=79) or hospitalised status (n=74). One patient with treatment failure had initiated treatment for DR-TB but was found to have MDR after repeat DST; the patient was transitioned to MDR treatment and the outcome of that treatment episode was included in the cohort of MDR patients.
predictors of treatment success Predictors of treatment success were evaluated using logistic regression (table 3) . The crude odds for treatment success were similar between the hospitalised and community groups, and this similarity persisted after adjusting for sex, age, HIV status, resistance pattern and BMI (adjusted OR (aOR) 1.0 community vs hospitalised, 95% CI 0.63 to 1.60, p=0.99). Factors strongly associated with decreased odds of treatment success included: age ≥44, HIV infection and baseline BMI <16. While not statistically significant, the relative odds of treatment success for patients with XDR-TB were 31% compared with patients with INH and RIF resistance alone or RIF resistance diagnosed by GXP (table 3) . The relative odds of treatment success were only 33% in HIV-infected patients compared with HIV-uninfected patients, a relationship that persisted after adjustment for potential confounders (p<0.001) (table 3). Patients with BMI less than 16 (severely underweight) at the time of treatment initiation were only 40% as likely to have treatment success compared with patients with a baseline BMI ≥16, after adjusting for confounders (p<0.001). Older age was also significantly associated with lower odds of treatment success (aOR 0.40, p<0.001).
To reduce bias due to early in-hospital deaths in the comparison between community and hospitalised groups, the treatment cohort was restricted to patients who survived for at least 1 month after starting treatment in a sensitivity analysis. Twenty patients, including 11 HIV-infected patients (nine of whom were on ART), died in hospital less than 1 month after starting treatment, and were thus excluded from this sensitivity analysis. The aOR for treatment success in the community and equivalent or superior to other community-based MDR-TB treatment programmes. 19 The CHC/NTP collaborative Cambodian MDR-TB programme represents the first large-scale MDR-TB treatment programme in Asia with a significant home-based component. The outcomes from the Cambodian MDR-TB programme demonstrate that a programme designed with the following fundamental components can achieve high rates of cure and completion in a resource-limited setting: (1) the option for primarily ambulatory, community-based care from the initiation of treatment; (2) developing a treatment programme on the foundation of an existing community-based TB treatment programme network; (3) coordination between NGO partners and the NTP in order to achieve programme sustainability within a national framework.
Successful community-based treatment for MDR-TB has been documented in other settings including Peru, 20 with a primarily HIV-negative population, and South Africa and India, [21] [22] [23] [24] with primarily HIV-infected populations. In the Philippines, a high-MDR, low-TB/HIV coinfection burden country, the MDR-TB programme has successfully scaled up from a public-private partnership mix to integrate fully with the NTP framework. 25 Cambodia, with 20% HIV infection among the patients with MDR-TB enrolled in this cohort, represents an intermediate HIV scenario, to which the programme has adapted by building on a foundation of treatment: volunteer supporter supervised, community-based treatment for both TB and HIV, ensuring high levels of coverage in patients with MDR-TB (94%) and close collaboration between HIV and MDR-TB clinicians. Other essential components of the Cambodian programme included community adherence support, home infection control support and ongoing expert clinical mentorship to programme clinicians. The Cambodian programme has since been successfully replicated in Ethiopia, with a close NGO-NTP relationship in the initiation of the programme, with similarly high rates of treatment success, and including a limited cohort of entirely homebased MDR-TB initiation by the NGO before the Ethiopian NTP expanded home initiation widely. 26 The lack of difference between cure/completion outcomes in community and hospitalised treatment groups in the Cambodian programme highlights the feasibility and success of an approach that has numerous theoretical advantages. Although concerns about complicated medical management, patient loss to follow-up and transmission of MDR-TB have been cited as reasons to require hospitalisation for treatment, 27 Cambodian programme data demonstrate that outpatient initiation can be equally effective for some patients. Other evidence also supports this approach. In the Philippines, community-based care has been associated with decreased risk of MDR treatment loss to follow-up compared with patients required to stay at a centralised site. 28 An ambulatory MDR-TB treatment programme in South Africa had superior outcomes to its hospitalised counterpart. 23 The WHO now recommends ambulatory-based care with minimised clinic visits whenever possible and a recent meta-analysis comparing ambulatory with hospitalised MDR-TB care found equivalent treatment success between the models. 16 19 Cambodia's isolation bed capacity would be quickly overwhelmed if treatment required inpatient stays for all patients, and untreated, sick patients would remain in the community with no resources to minimise transmission of MDR-TB. By prioritising early access to appropriate MDR-TB treatment, home infection control and health staff capacity building for MDR-TB clinical management, hospital settings may be reserved for the sickest patients requiring inpatient clinical management or for those patients who do not have the social infrastructure allowing successful outpatient management. Significantly, outpatient therapy allows the patient and their caregivers to remain in their homes and within their social and family networks, making the long therapy more tolerable.
Despite overall high rates of cure and completion, the programme still experienced a death rate of 16% overall. HIV infection, older age and very low baseline BMI emerged as significant predictors of failure to achieve cure or completion. Of note, based on BMI criteria, patients treated in the Cambodian programme may have been more clinically ill than MDR patients in other settings, 20 28 which may in part account for the high mortality seen here, although it is still comparable to other MDR programmes. 19 The decreased treatment success seen in HIV-infected patients, even those receiving ART, is consistent with the significant morbidity of MDR/HIV coinfection seen in resource-limited settings, though the 27% mortality among patients in this cohort is lower than a 38% pooled adult mortality estimate from 30 other studies. 29 As an observational evaluation of community versus hospital-based MDR-TB treatment, our findings have some limitations. Patients were not randomised to hospital versus community-based treatment, and baseline characteristics of the two patient groups were indeed different, with patients in the hospitalised Open Access group more likely to have lower BMIs, more extensively resistant TB and possibly sicker, with more indications for prolonged hospitalisation. We controlled for some baseline differences in our analysis by adjusting for BMI, age, sex, resistance pattern and HIV status. In a sensitivity analysis, we restricted our analysis of outcomes to the subgroup of patients who survived the first month of treatment, in order to minimise this bias, and continued to find no statistically significant difference in outcome between the hospitalised and community-based groups. However, there were patients for whom early hospital discharge would be inappropriate, due to severe disease or comorbidities requiring inpatient management. Globally, throughout much of the reporting period, MDR-TB treatment frequently required prolonged inpatient hospital stays, regardless of the clinical status of the patient. We conclude from the Cambodian programme outcomes that for patients with MDR-TB who do not require hospital-level management of severe illness, excellent treatment outcomes can be achieved in the outpatient setting.
conclusIons The Cambodian MDR-TB programme achieved excellent treatment outcomes with 77% treatment success over the first 10 years of the programme. Treatment outcomes among patients treated in the community after 30 days or less of hospitalisation were as successful as those among patients treated with prolonged hospitalisation. The global community is in increasing need of MDR-TB treatment approaches that do not rely on expensive, impractical hospital-based care that is both infeasible and results in the denial of treatment due to limited capacity in many settings. The Cambodian programme is a model, replicable programme in a moderate-HIV burden setting to implement such an approach. Innovations initiated in the field through community-based NGOs can successfully transition into a national programmatic setting as exemplified by the CHC-NTP MDR partnership in Cambodia.
